Abstract This paper reports the results from the multicolor photometric observations of 15 pre-main sequence stars collected in the period 2010 September − 2017 October. The stars from our study are located in the star-forming HII region IC 5070. These objects were previously detected as either emission line stars, flare stars, T Tauri variables or Herbig Ae/Be stars. Photometric observations, especially concerning the long-term behavior of the objects are missing in the literature. We present the first photometric monitoring for all stars from our study. The analysis of the obtained BV RI photometric data allows to draw a conclusion that all investigated objects are variable stars. In the case of LkH α 146 we identified previously unknown periodicity in its photometric variability.
INTRODUCTION
The North-America and Pelican nebulae (NGC 7000/IC 5070) represent one of the most notable and wellstudied active star-forming complexes, where a large number of young pre-main sequence (PMS) stars, cometary nebulae, collimated jets and Herbig-Haro objects can be found (Herbig 1958 , Guieu et al. 2009 , Rebull et al. 2011 and Bally et al. 2014 . Recent major studies of the NGC 7000/IC 5070 complex were made by Rebull et al. (2011) , Armond et al. (2011) , Zhang et al. (2014) , Bally et al. (2014) and Damiani et al. (2017) .
One of the most important features of PMS stars is their photometric and spectroscopic variability discovered at the beginning of their study. PMS stars are separated into two types − the low-mass T Tauri stars (TTSs) and the more massive Herbig Ae/Be stars (HAEBESs). The TTSs exhibit strong irregular photometric variability and emission spectra. TTSs are divided into two sub-classes − classical T Tauri stars (CTTSs), still actively accreting from their circumstellar disks, and the weak-line T Tauri stars (WTTSs) which show no signs of disk accretion (Ménard & Bertout 1999) .
The superpositions of cool and hot spots on the stellar surface; flare-like events; variable mass accretion rate from the circumstellar disk onto the stellar surface; as well as circumstellar dust or clouds obscuration events are the possible causes for the observed variability of the TTSs (Grinin et al. 1991 , Herbst et al. 1994 , Ismailov 2005 and Herbst et al. 2007 ). The review of various classification schemes of photometric variability of young stars can be found in the work of Cody et al. (2014) . Especially for CTTSs Ismailov (2005) proposed classification scheme based on the light curve shape.
Unlike TTSs, the HAEBESs are less photometrically active and less studied. Detailed descriptions of the observed features of HAEBESs are given in Hillenbrand et al. (1992) , Perez & Grady (1997) and Waters & Waelkens (1998) . Evidence of stellar winds, jets and mass accretion in the HAEBESs was not found (Waters & Waelkens 1998) . The variability (if any) of these stars derives from cool spots and/or from the transit of disc clumps. The obscuration events are very likely to be present in most HAEBESs but they can be only registered when the circumstellar disks are located at a small angle to the line of sight (Grinin et al. 1991 and Natta & Whitney 2000) . When PMS stars approach the main sequence they lose their distinctive features and at this stage they are hardly different from main sequence stars.
The stars from our study were selected from the SIMBAD database by exact object types (Variable star of Orion type, Emission line-star, Flare star, and Herbig Ae/Be star) and with the condition on their location − position within 20 arcmin around the well-studied young stellar object V2492 Cyg (see Covey et al. 2011 , Aspin 2011 , Kóspál et al. 2013 , Hillenbrand et al. 2013 , Giannini et al. 2018 and Ibryamov et al. 2018 ).
Photometric observations, especially concerning the long-term behavior of the stars from our study are missing in the literature. Long-term photometric observations are important for the exact classification of PMS stars. Such observations are directed at the active star-formation fields with the goal of finding and classifying the variability of the young stellar objects (YSOs) embedded in them.
The present paper is a part of our program for the photometric study of PMS stars located in the NGC 7000/IC 5070 star-forming complex. The results from our recent studies have been published in Ibryamov et al. (2015) , Ibryamov & Semkov (2016) , Semkov et al. (2017) and Ibryamov et al. (2018) . Section 2 in the present paper gives information about the process of acquiring photometric observations and data reduction.
Section 3 describes the obtained results and their analysis.
OBSERVATIONS AND DATA REDUCTION
The CCD observations reported in the paper were collected during the time period from 2010 September to 2017 October. All CCD observations were obtained with two telescopes − the 50/70-cm Schmidt and the 60-cm Cassegrain − administered by the Rozhen National Astronomical Observatory in Bulgaria. The number of observational nights used to estimate the brightness of each object is 119.
The observations were performed with two different types of CCD cameras − FLI PL16803 (4096 × 4096 pixels and 9 × 9 µm/pixel size) on the 50/70-cm Schmidt telescope and FLI PL09000 (3056 × 3056 pixels and 12 × 12 µm/pixel size) on the 60-cm Cassegrain telescope. All frames were taken through a standard Johnson−Cousins (BV RI) set of filters. The frames are dark frame subtracted and flat field corrected. The photometric data were reduced using IDL based DAOPHOT subroutine. As a reference, the BV RI comparison sequence of eleven stars in the field around V2492 Cyg reported in Ibryamov et al. (2018) was used. All data were analyzed using the same aperture, which was chosen to have a 4 arcsec radius, while the background annulus was taken from 9 to 14 arcsec. The mean value of the errors in the reported magnitudes is 0.01−0.02 mag for the I-and R-band data and 0.01−0.03 mag for the V -and B-band data.
RESULTS AND DISCUSSION
The stars from our study are listed in Table 1 in the order of rising right ascension. Star identifiers used in this paper are marked in boldface. Fig. 1 shows an image of the field around V2492 Cyg, where the positions of the objects are marked. The registered during our photometric monitoring minimal and maximal magnitudes and the amplitudes of variability in the BV RI-bands of the stars are given in Table 2 .
The V magnitude range versus average brightness in the V -band of the investigated objects is shown in Fig. 2 (left) . The used object designations are as in Table 1 . It is seen from the figure, that there is no apparent correlation between range and average brightness among the objects. The histogram of V magnitude ranges for the objects is shown in Fig. 2 (right) . Roughly all objects (12) exhibit amplitude of variability on the long-term in the range between 0.1 and 0.8 mag. The lowest amplitude star is LkH α 168 (∆V = 0.16 mag).
Only 3 stars have an amplitude of variability larger than 1 mag. They are LkH α 137, V1490 Cyg and V1492 Cyg. The largest amplitude star is V1492 Cyg (∆V = 1.62 mag).
We used the 2MASS (JHK s ) magnitudes of the stars from our study to construct the two−color diagram (J − H/H − K s ) to identify the stars with infrared excess, indicating the presence of disks around them. Fig. 3 shows the location of the main sequence (the dark line) and the giant stars (the green line) from Bessell & Brett (1988) , and the CTTSs location (the orange line) from Meyer et al. (1997) . A correction to the 2MASS photometric system was performed following the prescription of Carpenter (2001) . The three parallel dotted lines show the direction of the interstellar reddening vectors determined for the NGC 7000/IC 5070 star-forming complex by Straizys et al. (2008) . On Fig. 3 the objects are designated using their numbers given in Table 1 . Note: Star identifiers used in this paper are marked in boldface.
Using data from our multicolor photometry we constructed three color−magnitude diagrams (B −V /V , V − R/V and V − I/V ) of the objects, which are displayed in Fig. A.1. For all objects we made time-series analysis for a periodicity search with the software package PERIOD04 (Lenz & Breger 2005) . In the present paper we discuss the stars in groups with close photometric behaviors and features. LkH α 146 shows both active states with high amplitude and quiet states with lower amplitude, at the same brightness level. The registered amplitudes of the brightness variations of the star during our photometric monitoring are given in Table 2 . An important result from our study of LkH α 146 is the registered previously unknown periodicity in its photometric behavior. On The period we found is a typical rotational period of a young low-mass star. The periodicity could be caused by rotation modulation of dark spots on the stellar surface. According to Herbst et al. (1994) dark spots may last for hundreds or thousands of rotations of the star, as in the case of LkH α 146.
LkH

2MASS J20504608+4419100, V1597 Cyg, V1598 Cyg and V1956 Cyg
In the literature these objects were reported as flare stars. 2MASS J20504608+4419100 was discovered and classified as a flare star by Jankovics et al. (1980) Tsvetkov & Tsvetkova (1990) .
During our photometric monitoring we did not register flare events in these stars. Our negative result does not mean that these objects do not show flares. Our mode of observations (about 100 estimations for ∼2550 nights) does not allow to find out any flares. For detection of flares, it is necessary to undertake continuous monitoring during several tens of nights with the time resolution in some seconds.
BV RI light curves of 2MASS J20504608+4419100, V1597 Cyg, V1598 Cyg and V1956 Cyg are plotted on Fig. 6 . The registered amplitudes of variability of the stars are given in Table 2 . It can be seen that these objects show no significant photometric variability. On the 2MASS diagram (Fig. 3) It is possible V1598 Cyg and V1956 Cyg to be projecting stars on the front of the field of NGC 7000/IC 5070 complex. Using the data from our photometric observations it is very difficult to classify these stars.
Evidence of periodicity in their brightness variability is not detected. and LkH α 173 show photometric variability with small amplitudes. The registered amplitudes of variability of the stars from the current section are given in Table 2 . BV RI light curves of LkH α 141, V1532 Cyg, LkH α 161, LkH α 172 and LkH α 173 are plotted on Fig. 7 . On the 2MASS color−color diagram (Fig. 3) the objects are located close to the CTTSs line. These stars have infrared excess indicating the presence of circumstellar disks around them. Probably the brightness variability of the objects is caused by the variations in the mass accretion rate and/or the modulation of the stellar brightness in the presence of spot(s) on the stellar surface. The registered amplitudes of photometric variability also confirmed this suspicion (see Herbst et al. 1994 ). Evidence of periodicity in the brightness variability of the stars is not detected. 
LkH
LkH α 147 and LkH α 168
In the literature LkH α 147 and LkH α 168 are classified as HAEBESs. The spectrogram of LkH α 147 taken in 1957 by Herbig (1958) shows an essentially continuous spectrum with emission at H β . According to the author although no definite spectral type can be assigned, there is no doubt that this is an early-type star. Hernández et al. (2004) classified LkH α 147 as a HAEBES and estimated its spectral type as B2. Herbst & Shevchenko (1999) According to Herbig (1958) the spectral type of LkH α 168 is intermediate or late B, with no emission apparent in the photographic region on a 1954 plate. Chavarría-K. et al. (1989) concluded the spectral type of the star is F8-G0. According to the authors LkH α 168 has a warm circumstellar dust envelope of ∼1000 K and the star shows signs of photometric variability. Shevchenko et al. (1993) defined the spectral type of LkH α 168 as A8-F2e. Herbst & Shevchenko (1999) Our estimations of a light and color indexes for LkH α 147 and LkH α 168 are very close to estimations from work of Herbst & Shevchenko (1999) . There is only a significant difference in V − R values for the two stars. Probably the reason for this distinction that the V − R color index is in the Johnson system in work of Herbst & Shevchenko (1999) , and it is in the Cousins system in the present paper. We used the transformation described in Fernie (1983) and we obtained for V − R color index from the work of Herbst & Shevchenko (1999) the value 1.06 mag for LkH α 147 and 0.85 mag for LkH α 168. Apparently, the obtained values for V − R color index after the transformation coincide with ones in present paper.
On the 2MASS diagram (Fig. 3 ) LkH α 147 is located close to the main sequence line while LkH α 168 lies on the CTTSs line. Evidence of periodicity in the brightness variability of these stars is not detected.
CONCLUDING REMARKS
We reported for the BV RI photometric behavior of 15 PMS stars around V2492 Cyg in the IC 5070 starforming region. Our observations cover 7-year time span (2010−2017) Further both photometric and spectral observations would offer clearer insight into the physical nature of the objects from our study. 
